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Purpose: To examine the relationships between body mass to waist circumference (BM:W) ratio or body
mass index (BMI) and muscularity, 140 overweight (BMI  25 kg/m2 and <30 kg/m2), 265 normal
weight (BMI > 18.5 kg/m2 and <25 kg/m2) and 26 underweight (BMI  18.5 kg/m2) Japanese women
aged 60e80 years volunteered (overall 431 women).
Methods: Muscle thickness was measured by ultrasound at six sites on the anterior and posterior aspects
of the body. Total muscle mass (TMM) was estimated from an ultrasound-derived prediction equation.
BMI and BM:W ratio were calculated using anthropometrical variables.
Results: When the overall sample was used, BMI was positively correlated with the TMM (r ¼ 0.573,
p < 0.001) and TMM index (r ¼ 0.659, p < 0.001). BM:W ratio was also positively correlated with the
TMM (r ¼ 0.566, p < 0.001) and TMM index (r ¼ 0.400, p < 0.001). In normal weight women, BMI was
positively correlated with the TMM (r ¼ 0.460, p < 0.001) and TMM index (r ¼ 0.496, p < 0.001).
Similarly, BM:W ratio was positively correlated with the TMM (r ¼ 0.514, p < 0.001) and TMM index
(r ¼ 0.318, p < 0.001). In overweight and underweight women, TMM was signiﬁcantly and positively
correlated with BM:W ratio (r ¼ 0.442 and r ¼ 0.715, respectively; p < 0.001), but not BMI (r ¼ 0.077 and
r ¼ 0.315). TMM index was also positively correlated with BM:W ratio in both overweight (r ¼ 0.184,
p < 0.05) and underweight (r ¼ 0.500, p < 0.01) women. BMI was positively correlated with TMM index
(r ¼ 0.230, p < 0.01) and inversely correlated to the percentage of TMM in body mass (r ¼ 0.262,
p < 0.01) in overweight women.
Conclusion: These results suggest that, compared to BMI, BM:W ratio may provide a simple and potential
index for assessing muscularity in Japanese older underweight women. However, in normal and over-
weight women, BMI and BM:W ratio are both preferred in assessing muscularity.
Copyright  2014, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. Open access under CC BY-NC-ND license.1. Introduction
Body mass index (BMI) is used as a surrogate for estimating
body composition to assess those who are underweight or obese.
The reasoning behind substituting BMI for body composition
assessment is that there is a relatively strong correlation between
BMI and the percentage of body fat (%Fat) in men and women,
although this is an imperfect association.1e3 Indeed, muscle mass
can vary considerably between individuals with the same height.4gy, School of Public Health,
loomington, IN 47405, USA.
linical Gerontology & Geriatrics. PBecause BMI is positively correlated to %Fat, the percentage of fat-
free body mass (FFM) in body mass is inversely correlated to BMI,
because the sum of both %Fat and %FFM is 100. Although FFM is
used as a surrogate for total skeletal muscle mass (TMM), a change
in FFM does not necessarily reﬂect a change in TMM. However, a
strong positive correlation has been observed between FFM and
TMM in both sexes.5,6 Thus, the percentage of total muscle mass in
body mass (%TMM) may inversely correlate to BMI. However, there
is a discrepancy between this hypothesis and the results of a pre-
vious study.7 The study investigated the relationship between BMI
and muscularity in older men and women aged 60e80 years and
reported that a nonsigniﬁcant correlation was observed between %
TMM and BMI, whereas TMM relative to height squared (TMM
index) was positively correlated to BMI.7ublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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accumulation of abdominal fat and central obesity. A previous
study reported that waist circumference was strongly correlated to
magnetic resonance imaging-measured total adipose tissue vol-
ume.8 This result suggests that waist circumference is closely
associated with fat mass. Body mass consists of fat mass and FFM,
and approximately 40e50% of FFM is skeletal muscle mass.5,6
Therefore, the ratio of body mass to waist circumference (BM:W)
may be a reasonable index of total bodymuscularity. To illustrate, in
a follow-up case study, the changes in BM:W ratio and TMM were
tracked for over 20 years and it was found that there was a sig-
niﬁcant correlation between the two variables (unpublished ob-
servations). We hypothesized that there are signiﬁcant correlations
between BM:W ratio, BMI, and total muscularity in cross-sectional
samples. The purpose of the present study was to investigate the
interrelationships between BMI, BM:W ratio, and TMM in elderly
Japanese women.
2. Methods
Volunteers were recruited from individuals who had received a
community-based general health examination. The participants
were Japanese and were recruited from the Tokyo area over the
course of 8 years (2002e2010). Prior to obtaining informed con-
sent, a written description of the purpose of the study and its safety
was distributed to potential participants. All volunteers were free of
overt chronic disease (e.g., diabetes, angina, myocardial infarction,
cancer, stroke, etc.) as assessed by self-report. As a result, 431
women aged 60e80 years were used for data analyses. According to
the World Health Organization,9 overweight and underweight are
deﬁned as BMI 25 kg/m2 and18.5 kg/m2, respectively, therefore
participants with a higher BMI (25 kg/m2 and <30 kg/m2,
n ¼ 140), a lower BMI (18.5 kg/m2, n ¼ 26) and normal BMI
(>18.5 kg/m2 and <25 kg/m2, n ¼ 265) in the overall sample were
also used for data analyses (Table 1). The rate of regular sports
activity (at least once a week), including walking, was approxi-
mately 30% in each group. This study was conducted according to
the Declaration of Helsinki and was approved by the Ethics Com-
mittee for Human Experiments of the academic institute.
TMM was estimated from the ultrasound-derived prediction
equation developed by Sanada et al.10 The sum of muscle thickness
(MTH) at the six sites was used to estimate total muscle mass: TMM
(kg)¼ 0.831 sumMTH (cm) height 7.992 (R2¼ 0.96, standardTable 1
Body composition and skeletal muscle mass.
Underweight Normal weight Overweight Overall
(n ¼ 26) (n ¼ 265) (n ¼ 140) (n ¼ 431)
Age, y 66 (6) 66 (5) 65 (4) 66 (5)
Height, m 1.47 (0.06) 1.46 (0.06) 1.46 (0.05) 1.46 (0.06)
Body mass, kg 38.2 (3.8) 47.4 (5.3)a 58.2 (4.9)a,* 50.4 (7.8)
Body mass
index, kg/m2
17.6 (0.7) 22.1 (1.6)a 27.1 (1.6)a,* 23.5 (3.2)
Body fat, % 17.1 (2.6) 22.2 (3.4)a 27.4 (3.0)a,* 23.6 (4.4)
Fat-free mass, kg 31.7 (3.1) 36.8 (3.4)a 42.1 (3.3)a,* 38.2 (4.5)
TMM, kg 9.2 (2.0) 11.2 (2.2)a 13.3 (2.0)a,* 11.8 (2.4)
TMM index, kg/m2 4.2 (0.7) 5.2 (0.9)a 6.2 (0.7)a,* 5.5 (1.0)
%TMM 23.8 (3.9) 23.7 (3.4) 22.9 (2.8) 23.4 (3.2)
Results are expressed as mean (standard deviation) for all variables. Overweight:
body mass index (BMI)  25 kg/m2 and <30 kg/m2; normal weight: BMI > 18.5 kg/
m2 and <25 kg/m2; underweight: BMI  18.5 kg/m2. Compared with underweight,
a p < 0.001; compared with normal weight, * p < 0.001. The differences between
groups were tested for signiﬁcance by one-way ANOVA, followed by pairwise
comparison using Tukey’s multiple comparison procedure if a signiﬁcant F test was
obtained.
TMM ¼ total muscle mass.error of estimate (SEE) ¼ 1.1 kg). MTH was measured using B-mode
ultrasound (SSD-500; Aloka, Tokyo, Japan) at six sites on the
anterior and posterior aspects of the body (upper arm, trunk, and
thigh) as previously described.11 The measurements were taken
while the women stood quietly with their elbows and knees
extended and relaxed because MTH for the prediction equation of
TMMwasmeasured in a standing position. TMM index was deﬁned
as TMM divided by height squared (kg/m2). The percentage of TMM
in body mass (%TMM) was also calculated. Recently, we examined
the relationship between dual-energy X-ray absorptiometry-
estimated appendicular lean tissue mass and TMM predicted by
ultrasound and found that there is a strong correlation (R2 ¼ 0.87)
between the two methods in women.12
Subcutaneous fat thickness was measured using ultrasound at
6 sites, as described previously.11 Body density was estimated
from subcutaneous fat thickness using an ultrasound-derived
prediction equation.11 Percent body fat was calculated from
body density using Brozek’s equation.13 FFM was estimated as
total body mass minus fat mass. Body mass and standing height
were measured to the nearest 0.1 kg and 0.1 cm, respectively,
using an electronic weight scale and a stadiometer. BMI was
deﬁned as body mass/height2 (kg/m2). Waist circumference was
measured midway between the lower rib margin and the iliac
crest. BM:W was calculated.
Results are expressed as means and standard deviation for all
variables. The differences between groups for age, height, body
mass, BMI, %Fat, FFM, TMM, TMM index, and %TMMwere tested for
signiﬁcance by one-way analysis of variance (ANOVA), followed by
pairwise comparisons using Tukey’s multiple comparison proce-
dure if a signiﬁcant F test was obtained. Pearson product correla-
tions were performed to determine the relationships between
BM:W ratio and TMM, TMM index, and %TMM and between BMI
and TMM, TMM index, and %TMM. Signiﬁcance was set at p < 0.05.
3. Results
Age and standing height were similar among underweight,
normal weight, and overweight groups. As might be expected, the
underweight group was leaner and had less muscle mass than the
normal weight and overweight groups, which had more fat mass
and muscle mass. There was no difference in %TMM in body mass
between the three groups (Table 1).
When the overall sample (n¼ 431) was used, BMI was positively
correlated to the TMM and TMM index. There was a negatively
weak correlation between BMI and %TMM. BM:W ratio was also
positively correlated to the TMM and TMM index. There was a
signiﬁcant and weak correlation between BM:W ratio and %TMM.
In normal weight women (n ¼ 265), BMI was positively corre-
lated to the TMM and TMM index. There was no signiﬁcant corre-
lation between BMI and %TMM. BM:W ratio was also positively
correlated to the TMM and TMM index. There was a signiﬁcant and
weak correlation between BM:W ratio and %TMM (Table 2).
In underweight women (n ¼ 26), there were no signiﬁcant
correlations between BMI and TMM, TMM index, or %TMM. By
contrast, BM:W ratio was strongly correlated to TMM. The BM:W
ratio was also correlated to TMM index and %TMM. In overweight
women (n ¼ 140), BM:W ratio was correlated to TMM, but BMI was
not signiﬁcantly correlated to TMM. There was a signiﬁcant and
weak correlation between TMM index and both BMI and BM:W
ratio (Table 2).
4. Discussion
Previous cross-sectional studies have investigated the rela-
tionship between BMI and total muscularity in older adults.
Table 2
Pearson’s correlation coefﬁcients among body mass index, body mass to waist circumference ratio and total muscle mass (TMM), TMM index, and percentage TMM.
Body mass index Body mass to waist circumference ratio
Underweight Normal weight Overweight Overall Underweight Normal weight Overweight Overall
(n ¼ 26) (n ¼ 265) (n ¼ 140) (n ¼ 431) (n ¼ 26) (n ¼ 265) (n ¼ 140) (n ¼ 431)
TMM 0.315 0.460*** 0.118 0.573*** 0.715*** 0.514*** 0.436*** 0.566***
TMM index 0.354 0.496*** 0.235** 0.659*** 0.500** 0.318*** 0.190* 0.400***
%TMM 0.123 0.050 0.236** 0.104* 0.459* 0.228*** 0.154 0.180***
Overweight: body mass index (BMI)  25 kg/m2 and <30 kg/m2; normal weight: BMI > 18.5 kg/m2 and <25 kg/m2; and underweight (BMI  18.5 kg/m2).
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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relative to height squared (aLT index, kg/m2) using dual-energy
X-ray absorptiometry in older adults (age > 65 years) and found
that there was a signiﬁcant correlation between BMI and aLT in-
dex in women (r ¼ 0.695, p < 0.001; n ¼ 195) and men (r ¼ 0.682,
p < 0.001; n ¼ 142). Based on the R2 values, BMI accounted for
approximately 50% of the variance in aLT index in both women
and men. Similar results were reported by Kenny et al15 who
found that aLT index correlated signiﬁcantly with BMI in women
aged 59e78 years (r ¼ 0.557, p < 0.001; n ¼ 189). Recently,
Kanehisa and Fukunaga7 estimated total muscularity using
an ultrasound-derived prediction equation in older adults aged
60e80 years and reported that there was a signiﬁcant correlation
between BMI and TMM index in older women (r ¼ 0.688,
p < 0.001; n ¼ 346) and men (r ¼ 0.696, p < 0.001; n ¼ 286). Our
present results are consistent with previous studies that found a
signiﬁcant correlation between BMI and TMM index when the
overall women’s sample was used (r ¼ 0.659, p < 0.001; n ¼ 431).
In the sample of overweight and underweight women, however,
there were weak statistical associations between BMI and TMM
index. In addition, no signiﬁcant correlation was observed be-
tween BMI and TMM index in the underweight women, although
there was a small sample size (n ¼ 26). The reasons for the
discrepancy between the overall sample and overweight or un-
derweight sample are unclear, but there may be an association
with %TMM in both samples.
This is the ﬁrst study to explore the relationship between BM:W
ratio and total muscularity directly. Our results indicate that the
correlation coefﬁcients between BM:W ratio and TMM are signiﬁ-
cantly higher compared to BMI and TMM in overweight and un-
derweight women. Furthermore, a signiﬁcant correlation was
observed between TMM index and BM:W ratio, but not BMI, in
underweight women. Thus, these results support our hypothesis
that there are signiﬁcant correlations between BM:W ratio and
total muscularity. It has been reported that waist circumference is
strongly correlated to BMI and body fatness in different ethnicities,
such as Nigerian, Jamaican, and American women and men.16 Un-
fortunately, waist circumference was focused on body fatness, not
muscularity. To date, however, the main predictors of skeletal
muscle mass are strength (e.g., leg press strength, grip strength),
hormonal level (e.g., estrone, testosterone), and BMI.14,15 Many
laboratory methods, while highly precise, are inconvenient for
most practitioners. Our results suggest that as a potential index,
BM:W ratio may be quicker and more convenient than BMI for
assessing total muscularity in older underweight Japanese women.
However, in normal and overweight women, BMI and BM:W ratio
are both preferred in assessing muscularity. The use of BM:W ratiofor assessing muscularity in older men and in different ethnicities
should be investigated further.Conﬂicts of interest
All contributing authors declare no conﬂicts of interest.References
1. Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T, Heymsﬁeld SB. How
useful is body mass index for comparison of body fatness across age, sex, and
ethnic groups? Am J Epidemiol 1996;143:228e39.
2. Meeuwsen S, Horgan GW, Elia M. The relationship between BMI and percent
body fat, measured by bioelectrical impedance, in a large adult sample is
curvilinear and inﬂuenced by age and sex. Clin Nutr 2010;29:560e6.
3. Shah NR, Braverman ER. Measuring adiposity in patients: the utility of body
mass index (BMI), percent body fat, and leptin. PLoS One 2012;7. e33308.
4. Midorikawa T, Sekiguchi O, Beekley MD, Bemben MG, Abe T. A comparison of
organ-tissue level body composition between college-age male athletes and
nonathletes. Int J Sports Med 2007;28:100e5.
5. Heymsﬁeld SB, Gallagher D, Kotler DP, Wang Z, Allison DB, Heshka S. Body-size
dependence of resting energy expenditure can be attributed to nonenergetic
homogeneity of fat-free mass. Am J Physiol Endocrinol Metab 2002;282:E132e8.
6. Abe T, Kearns CF, Fukunaga T. Sex differences in whole body skeletal muscle
mass measured by magnetic resonance imaging and its distribution in young
Japanese adults. Br J Sports Med 2003;37:436e40.
7. Kanehisa H, Fukunaga T. Association between body mass index and muscu-
larity in healthy older Japanese women and men. J Physiol Anthropol 2013;32:4.
8. Ross R, Léger L, Morris D, de Guise J, Guardo R. Quantiﬁcation of adipose tissue
by MRI: relationship with anthropometric variables. J Appl Physiol 1992;72:
787e95.
9. WHO Expert Consultation. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet 2004;363:
157e63.
10. Sanada K, Kearns CF, Midorikawa T, Abe T. Prediction and validation of total
and regional skeletal muscle mass by ultrasound in Japanese adults. Eur J Appl
Physiol 2006;96:24e31.
11. Abe T, Kondo M, Kawakami Y, Fukunaga T. Prediction equations for body
composition of Japanese adults by B-mode ultrasound. Am J Hum Biol 1994;6:
161e70.
12. Abe T, Dabbs NC, Nahar VK, Ford MA, Bass MA, Loftin M. Relationship between
dual-energy X-ray absorptiometry-derived appendicular lean tissue mass and
total body skeletal muscle mass estimated by ultrasound. Int J Clin Med 2013;4:
283e6.
13. Brozek J, Grande F, Anderson JT, Keys A. Densitometric analysis of body
composition: revision of some quantitative assumptions. Ann NY Acad Sci
1963;110:113e40.
14. Iannuzzi-Sucich M, Prestwood KM, Kenny AM. Prevalence of sarcopenia and
predictors of skeletal muscle mass in healthy, older men and women. J Gerontol
A: Biol Sci Med Sci 2002;57:M772e7.
15. Kenny AM, Dawson L, Kleppinger A, Iannuzzi-Sucich M, Judge JO. Prevalence of
sarcopenia and predictors of skeletal muscle mass in nonobese women who
are long-term users of estrogen-replacement therapy. J Gerontol A: Biol Sci Med
Sci 2003;58:M436e40.
16. Luke A, Durazo-Arvizu R, Rotimi C, Prewitt TE, Forrester T, Wilks R, et al.
Relation between body mass index and body fat in black population samples
from Nigeria, Jamaica, and the United States. Am J Epidemiol 1997;145:620e8.
